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DESCRIPTION 

ALIGNER AND EXPOSURE METHOD 

TECHNICAL FIELD 

The present invention relates to an aligner and an 
exposure method used to transfer a mask pattern onto a 
photosensitive substrate in a lithography process for 
manufacturing , for example, semiconductor devices, liquid 
crystal display devices, thin-film magnetic heads, etc- In 
particular, the present invention is suitable for use in an 
aligner or exposure apparatus provided with a measuring 
device for measuring the state of an exposure beam or image 
forming characteristics, etc. 

BACKGROUND ART 

Conventionally, for manufacturing semiconductor 
devices or the like, batch exposure type projection 
exposure apparatuses (steppers) have been frequently used 
in a process to transfer a pattern of a reticle as a mask 
onto a wafer (or glass plate, etc.) coated with a resist or 
the like through a projection optical system under 
predetermined exposure light. In addition, in order to 
transfer a pattern of a large-area reticle accurately 
without increasing the size of the projection optical 
system, scanning type projection exposure apparatuses 
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(scanning exposure apparatuses) such as a step- and- scan 
type for synchronously scanning the reticle and the wafer 
with respect to the projection optical system to perform 
exposure have also attracted attention in these years - 

These exposure apparatuses are required to perform 
exposure with an optimum exposure amount at any time while 
maintaining high image-forming characteristics* Therefore, 
a reticle stage for positioning a reticle or a wafer stage 
for positioning a wafer is equipped with a measuring device 
for measuring the state of illumination intensity or the 
like of exposure light and image forming characteristics 
such as a projection magnification- For example, measuring 
devices provided on the wafer stage include a dose sensor 
for measuring the incident energy of the exposure light for 
the projection optical system, an aerial image detection 
system for measuring the position and contrast of a 
projected image, etc, on the other hand, the measuring 
device provided on the reticle stage is, for example, a 
reference plate on which a fiducial mark used in measuring 
the image forming characteristics of the projection optical 
system is formed. 

As mentioned above, in the conventional exposure 
apparatuses, the measuring devices provided on the reticle 
stage or wafer stage are used to optimize the amount of 
exposure and maintain high image-forming characteristics. 
On the other hand, recent exposure apparatuses have also 
been required to increase throughput (productivity) in the 
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exposure process for manufacturing semiconductor devices or 
the like. Methods of improving throughput include a method 
of increasing exposure energy per unit time, and a method 
of increasing the driving speed of the stage to reduce the 
stepping time in case of a batch exposure type or to reduce 
the stepping time and scanning exposure time in case of a 
scanning exposure type. 

In order to increase the driving speed of the stage, 
when the dimensions of the stage are the same as the 
conventional stages, a drive motor having higher output 
power has only to be used, while when the drive motor has 
the same output power as the conventional ones, the size 
and weight of the stage system needs to be reduced. 
However, if a drive motor having higher output power is 
used like in the former case, the amount of heat generated 
from the drive motor increases. Such an increased amount 
of heat causes subtle thermal deformation in the stage 
system, which could preclude the stage system from 
obtaining high positioning accuracy required for the 
exposure apparatus- In view of this, it is desirable to 
minimize the size and weight of the stage system as much as 
possible like in the latter case in order to prevent the 
deterioration of the positioning accuracy and hence to 
improve the drive speed - 

Particularly with a scanning type exposure apparatus, 
there are many advantages that a higher drive speed 
shortens the exposure scanning time to greatly improve the 
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throughput:, and that a reduced size of the stage system 
also improves the synchronization accuracy between the 
reticle and the wafer to improve image forming performance 
and alignment accuracy. However, when various measuring 
devices are provided on the reticle stage or wafer stage 
like in the conventional, it is difficult to reduce the 

size of the stage. 

Further, when a measuring device for measuring the 
state of the exposure light or image forming 
characteristics is provided on the reticle stage or wafer 
stage, a heat source such as an amp is usually attached to 
the measuring device, and the temperature of the measuring 
device gradually increases due to irradiation of the 
exposure light during measurement. As a result, there is 
the danger of subtle thermal deformation in the reticle 
stage or wafer stage to deteriorate positioning accuracy, 
alignment accuracy, etc- Under present circumstances, the 
deterioration of positioning accuracy and the like due to 
the temperature rise of the measuring device is slight, but 
as the circuit patterns of semiconductor devices become 
finer in years to come, it is expected to create a need to 
control the influence of the temperature rise on the 

measuring device. 

In view of the above points, it is a first object of 
the present invention to provide an exposure apparatus 
capable of reducing the size of a stage for positioning a 
reticle or wafer with maintaining a function for measuring 



WO1999/023692 

- 5 - 

-the state of exposure light or image forming 
characteristics . 

Further , it is a second object of the present 
invention to provide an exposure apparatus having a 
measuring device for measuring the state of exposure light 
or image forming characteristics and capable of mitigating 
the adverse effects of a temperature rise during 
measurement using the measuring device. 

In view of the above points f it is a third object of 
the present invention to provide an exposure method capable 
of reducing the size of a stage for positioning a reticle 
or wafer with maintaining a function for measuring the 
state of exposure light or image forming characteristics. 

Further, it is a fourth object of the present 
invention to provide an exposure method having a measuring 
device for measuring the state of exposure light or image 
forming characteristics and capable of mitigating the 
adverse effects of a temperature rise during measurement 
using the measuring device, 

DISCLOSURE OF THE INVENTION 

A first exposure apparatus according to the present 
invention is an exposure apparatus for transferring a 
pattern formed on a mask onto a substrate using an exposure 
beam/ the exposure apparatus comprising: a first stage 
moving over a predetermined region while holding either of 
the mask and the substrate; a second stage independent of 
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the first stage; and a measuring device attached to the 
second stage to measure the state of the exposure beam- 
According to this invention, the first stage is 
configured to have only minimum functions necessary for 
exposure upon use in the original exposure process, so that 
the size of the first stage can be minimized, thereby 
enabling reduction in size and weight of the stage. On the 
other hand, since the measuring device for measuring the 
state of the exposure beam such as illumination intensity 
or the like that is not directly necessary for exposure is 
mounted on the second stage different from the first stage, 
the state of the exposure beam can also be measured. 

In this case, an example of the measuring device is a 
photoelectric sensor for measuring the total power of the 
exposure beam, an illuminance unevenness sensor for 
measuring an illumination distribution of the exposure beam, 
or the like- 

Further, the second stage is arranged, for example, 
to be movable independently of the first stage on a moving 
plane of the first stage. In this case, if the second 
stage is arranged instead of the first stage, the state of 
the exposure beam can be measured in the neighborhood of a 
surface on which the mask or substrate is actually placed. 

Further, it is preferable to provide a control device 
for moving the first stage between a position to which the 
exposure beam is irradiated and a position to which the 
exposure beam is not irradiated. In this case, the first 
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stage is moved away from the illumination position of the 
exposure beam upon measurement - 

Further , it is preferable to provide a control device 
for moving the second stage between a position to which the 
exposure beam is irradiated and a position to which the 
exposure beam is not irradiated. In this case, the 
measuring device of the second stage moves to the 
illumination position of the exposure beam upon measurement 

Further , it is preferable to provide a control device 
for locating the second stage at a position to which the 
exposure beam is not irradiated when the first stage is 
located at a position to which the exposure beam is 
irradiated- In this case, the two stages can be used 
alternatively and efficiently between the exposure period 
and the measurement period. 

A second exposure apparatus of the present invention 
is an exposure apparatus for projecting a pattern formed on 
a mask onto a substrate through a projection optical system 
the exposure apparatus comprising: a first stage moving 
over a predetermined region while holding either of the 
mask and the substrate; a second stage independent of the 
first stage; and a measuring device arranged on the second 
stage to measure the image forming characteristics of the 
projection optical system. 

According to this invention, the first stage is 
configured to have only minimum functions necessary for 
exposure, so that the size and weight of the first stage 
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can be reduced. On the other hand, since the measuring 
device for measuring image forming characteristics such as 
distortion that are not directly necessary for exposure is 
mounted on the second stage different from the first stage, 
the image forming characteristics can also be measured. 

In this case, an example of the measuring device is a 
position sensor for projected images, a measurement 
fiducial mark, a measurement reference plane, or the like. 

Further, the second stage is arranged, for example , 
to be movable independently of the first stage on a moving 
plane of the first stage. In this case, if the second 
stage is arranged instead of the first stage, the image 
forming characteristics on a surface on which the substrate 
is actually placed can be measured. 

Further, the substrate is held on the first stage, 
and a control device is preferably provided to move the 
first stage between a position within an exposure region of 
the projection optical system and a predetermined position 
outside of the exposure region. In this case, the first 
stage is moved away from the exposure region upon 
measurement . 

Similarly, it is preferable to provide a control 
device for moving the second stage between a position 
within an exposure region of the projection optical system 
and a predetermined position outside of the exposure region. 
In this case, the measuring device of the second stage is 
moved to the exposure region upon measurement. 
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A third exposure apparatus of the present invention 
is an exposure apparatus for transferring a pattern formed 
on a mask onto a substrate using an exposure beam, the 
exposure apparatus comprising: a stage on which a measuring 
device for measuring the state of the exposure beam is 
arranged; and a cooling device provided for the stage to 
cool down the measuring device. 

According to this invention , when the illumination 
intensity or the like of the exposure beam is measured 
using the measuring device, even if the temperature of the 
measuring device rises, the measuring device is cooled down 
by the cooling device, so that the temperature rise does 
not affect the exposure part. 

A fourth exposure apparatus of the present invention 
is an exposure apparatus for projecting a pattern formed on 
a mask onto a substrate through a projection optical system 
the exposure apparatus comprising: a stage on which a 
measuring device for measuring the image forming 
characteristics of the projection optical system is 
arranged; and a cooling device provided for the stage to 
cool down the measuring device. 

According to this invention, when the image forming 
characteristics are measured using the measuring device, 
even if the temperature of the measuring device rises, the 
measuring device is cooled down by the cooling device, so 
that the temperature rise does not affect the exposure part 

A fifth exposure apparatus of the present invention 
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is an exposure apparatus for transferring a pattern formed 
on a mask onto a substrate using exposure beam, the 
exposure apparatus comprising: a first stage moving over a 
predetermined region while holding either of the mask and 
the substrate; a second stage on which a measuring device 
for measuring the state of the exposure beam is mounted; 
and a heat-insulating member arranged between the first 
stage and the second stage to block heat transmitted from 
the second stage* 

According to this invention T even if the measuring 
device includes a heat source or the temperature of the 
measuring device rises during measuring the illumination 
intensity or the like of the exposure beam using the 
measuring device, heat conduction is inhibited by the heat- 
insulating member, so that the heat source or the 
temperature rise does not affect the exposure part. 

In this case, an example of the heat-insulating 
member is a solid material having low thermal conductivity 
or a temperature-controlled gas. As the temperature- 
controlled gas, conditioned air or the like is used, 

A sixth exposure apparatus of the present invention 
is an exposure apparatus for projecting a pattern formed on 
a mask onto a substrate through a projection optical system, 
the exposure apparatus comprising: a first stage moving 
over a predetermined region while holding the substrate; a 
second stage on which a measuring device for measuring the 
image forming characteristics of the projection optical 
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system is mounted; and a heat- insulating member arranged 
between the first stage and the second stage to block heat 
transmitted from the second stage. 

According to this invention, when the image forming 
characteristics are measured using the measuring device, 
even if the temperature of the measuring device rises or 
the measuring device includes a heat source, heat 
conduction is inhibited by the heat-insulating member, so 
that the temperature rise or the like does not affect the 
exposure part* 

In this case, an example of the heat-insulating 
member is also a solid material having low thermal 
conductivity or a temperature-controlled gas . 

A first exposure method of the present invention is 
an exposure method for transferring a pattern formed on a 
mask onto a substrate using an exposure beam, the exposure 
method comprising: a step of causing a first stage to move 
over a predetermined region while holding either of the 
mask and the substrate; and a step of causing a measuring 
device attached to a second stage independent of the first 
stage to measure the state of the exposure beam. 

According to this invention, the first stage is 
configured to have only minimum functions necessary for 
exposure upon use in the original exposure process, so that 
the size of the first stage can be minimized, thereby 
enabling reduction in size and weight of the stage. On the 
other hand, since the measuring device for measuring the 
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state of the exposure beam such as illumination intensity 
or the like that is not directly necessary for exposure is 
mounted on the second stage different from the first stage , 
the state of the exposure beam can also be measured. 

In this case, an example of the measuring device is a 
photoelectric sensor for measuring the total power of the 
exposure beam, an illuminance unevenness sensor for 
measuring the illumination distribution of the exposure 
beam, or the like. 

Further, the second stage is arranged, for example, 
to be movable independently of the first stage on a moving 
plane of the first stage. In this case, if the second 
stage is arranged instead of the first stage, the state of 
the exposure beam can be measured in the neighborhood of a 
surface on which the mask or substrate is actually placed. 

Further, it is preferable that the first stage be 
moved between a position to which the exposure beam is 
irradiated and a position to which the exposure beam is not 
irradiated. Jn this case, the first stage is moved away 
from the illumination position of the exposure beam upon 
measurement . 

Further, it is preferable to further include a step 
of moving the second stage between a position to which the 
exposure beam is irradiated and a position to which the 
exposure beam is not irradiated. In this case, the 
measuring device of the second stage is moved to the 
illumination position of the exposure beam. 
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Further, it is preferable to further include a step 
of locating the second stage at a position to which the 
exposure beam is not irradiated when the first stage is 
located at a position to which the exposure beam is 
irradiated. In this case, the two stages can be used 
alternatively and efficiently between the exposure period 
and the measurement period. 

A second exposure method of the present invention is 
an exposure method for projecting a pattern formed on a 
mask onto a substrate through a projection optical system, 
the exposure method comprising: a step of causing a first 
stage to move over a predetermined region while holding 
either of the mask and the substrate; and a step of causing 
a measuring device arranged on a second stage independent 
of the first stage to measure the image forming 
characteristics of the projection optical system. 

According to this invention, the first stage is 
configured to have only miniinum functions necessary for 
exposure upon use in the original exposure process, so that 
the size and weight of the first stage can be reduced. On 
the other hand, since the measuring device for measuring 
the image forming characteristics such as distortion that 
are not directly necessary for exposure is mounted on the 
second stage different from the first stage, the image 
fonning characteristics can also be measured. 

In this case, an example of the measuring device is a 
position sensor for projected images, a measurement 
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fiducial mark, a measurement reference plane , or "the like* 

Further , the second stage is arranged, for example, 
to be movable independently of the first stage on a moving 
plane of the first stage. In this case, if the second 
stage is arranged instead of the first stage, the image 
forming characteristics on a surface on which the substrate 
is actually placed can be measured* 

Further, the substrate is held on the first stage, 
and it is preferable that the first stage be moved between 
a position within an exposure region of the projection 
optical system and a predetermined position outside of the 
exposure region- In this case, the first stage is moved 
away from the exposure region upon measurement* 

Similarly, it is preferable to further include a step 
of causing the second stage to move between a position 
within an exposure region of the projection optical system 
and a predetermined position outside of the exposure region • 
In this case, the measuring device of the second stage is 
moved to the exposure region upon measurement . 

A third exposure method of the present invention is 
an exposure method for transferring a pattern formed on a 
mask onto a substrate using an exposure beam, the exposure 
method comprising: a step of causing a measuring device 
arranged on a stage to measure the state of the exposure 
beam; and a step of causing a cooling device provided for 
the stage to cool down the measuring device - 

According to this invention, when the illumination 
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intensity or the like of the exposure beam is measured 
using the measuring device , even if the temperature of the 
measuring device rises, the measuring device is cooled down 
by the cooling device, so that the temperature rise does 
not affect the exposure part. 

A fourth exposure method of the present invention is 
an exposure method for projecting a pattern formed on a 
mask onto a substrate through a projection optical system, 
the exposure method comprising: a step of causing a 
measuring device arranged on a stage to measure the image 
forming characteristics of the projection optical system; 
and a step of causing a cooling device provided for the 
stage to cool down the measuring device. 

According to this invention, when the image forming 
characteristics are measured using the measuring device, 
even if the temperature of the measuring device rises, the 
measuring device is cooled down by the cooling device, so 
that the temperature rise does not affect the exposure part. 

A fifth exposure method of the present invention is 
an exposure method for transferring a pattern formed on a 
mask onto a substrate using exposure beam, the exposure 
method coirprising: a step of causing a first stage to move 
over a predetermined region while holding either of the 
mask and the substrate; a step of causing a measuring 
device attached to the second stage to measure the state of 
the exposure beam; and a step of causing a heat-insulating 
member arranged between the first stage and the second 
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stage to block heat transmitted from the second stage • 

According to this invention, even if the measuring 
device includes a heat source or the temperature of the 
measuring device rises during measuring the illumination 
intensity or the like of the exposure beam using the 
measuring device, heat conduction is inhibited by the heat- 
insulating member, so that the heat source or the 
temperature rise does not affect the exposure part. 

In this case, an example of the heat-insulating 
member is a solid material having low thermal conductivity 
or a temperature-controlled gas. As the temperature- 
controlled gas, conditioned air or the like is used. 

A sixth exposure method of the present invention is 
an exposure method for projecting a pattern formed on a 
mask onto a substrate through a projection optical system, 
the exposure method comprising: a step of causing a first 
stage to move over a predetermined region while holding the 
substrate; a step of causing a measuring device mounted on 
a second stage to measure the image forming characteristics 
of the projection optical system; and a step of causing a 
heat-insulating member arranged between the first stage and 
the second stage to block heat transmitted from the second 
stage . 

According to this invention, when the image forming 
characteristics are measured using the measuring device, 
even if the temperature of the measuring device rises or 
the measuring device includes a heat source, heat 
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conduction is inhibited by the heat-insulating member, so 
that the temperature rise or the like does not affect the 
exposure part- 

In this case, an example of the heat- insulating 
member is also a solid material having low thermal 
conductivity or a temperature-controlled gas . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram showing a 
projection exposure apparatus according to a first 
embodiment of the present invention. 

FIG. 2 is a plan view showing a reticle stage RST and 
a measurement stage 5 in FIG. 1 - 

FIG. 3 is a plan view showing a wafer stage WST and a 
measurement stage 14 in FIG. 1. 

FIG. 4 is a plan view for explaining a case where 
the state of exposure light or the like is measured using 
the measurement stage 14 in the first embodiment of the 
pr e s en t invent! on . 

FIG. 5 is a plan view showing a wafer stage and a 
measurement stage of a projection exposure apparatus 
according to a second embodiment of the present invention. 

FIG. 6 is a front view showing the wafer stage and 
the measurement stage of the projection exposure apparatus 
according to the second embodiment of the present invention. 

FIG. 7 is a partially cutaway schematic diagram 
showing the structure of a projection exposure apparatus 
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according to a third embodiment of the present invention* 
FIG. 8 is a plan view showing a wafer stage of the 

projection exposure apparatus in FIG- 7. 

FIG* 9 is a plan view showing a wafer stage of a 

projection exposure apparatus according to a fourth 

embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A first embodiment of the present invention will now 
be described with reference to FIGS, 1 to 4. 

FIG. 1 shows a step-and-scan type projection exposure 
apparatus used in this example. In FIG. 1, exposure light 
XL is emitted during exposure from an illumination system 1 
including an exposure light source, a beam shaping optical 
system, a fly-eye lens for making the illumination 
distribution uniform, a light amount monitor, a variable 
aperture stop, a field stop, a relay lens system, and so 
forth. This exposure light IL> illuminates a slit-shaped 
illumination region on a pattern side (lower-surface side) 
of a reticle R via a mirror 2 and a condenser lens 3. As 
the exposure light IL, excimer laser light such as KrF 
(248-nm wavelength) or ArF (193-nm wavelength), a higher 
harmonic wave from a YAG laser, i-line (365-nm wavelength) 
from a mercury lamp, etc. can be used. The illumination 
system 1 is configured such that the variable aperture stop 
inside the illumination system 1 can be switched to allow 
selection of a desired illumination method from among 
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ordinary illumination methods, annular illumination , so- 
called off -axis illumination, illumination with a small 
coherence factor {a value), and the like. When the 
exposure light source is a laser light source, the emission 
timing thereof and the like are controlled via a laser 
power source (not shown) by a main control system 10 for 
integrated control of the entire operation of the apparatus . 

An image of a pattern in an illumination region 9 
(see FIG- 2) on the reticle R produced by the exposure 
light IL is reduced at a projection magnification (3 (where 
p is 1/4 or 1/5) through a projection optical system PL, 
and projected to a slit-shaped exposure region 12 on a 
water w coated with a photoresist. In the following 
description, the Z axis is taken in parallel to an optical 
axis AX of the projection optical system PL, the X axis is 
taken along a non-scanning direction orthogonal to a 
scanning direction of the reticle R and the wafer W during 
scanning exposure in a plane perpendicular to the Z axis 
(i.e., in a direction perpendicular to the paper surface of 
FIG* 1), and the Y axis Is taken along the scanning 
direction ( I * e . , in a direction parallel to the paper 
surface of FIG* 1). 

First, an off -axis imaging type alignment sensor 16 
for alignment of the wafer W is provided adjacent to the 
projection optical system PL, and a detection signal from 
the alignment sensor 16 is supplied to an alignment 
processing system inside the main control system 10. The 
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alignment: sensor 16 is used to detect the position of an 
alignment mark {wafer mark) or the like formed on the wafer 
W. A distance (baseline amount) between the detection 
center of the alignment sensor 16 and the center of an 
image of the reticle R projected by the projection optical 
system PL is predetermined accurately and stored in the 
alignment processing system inside the main control system 
10* Then, based on the detection results of the alignment 
sensor 16 and the baseline amount, each shot area on the 
wafer W and the projected image of the reticle R are 
aligned accurately. Although not shown, a reticle 
alignment microscope is arranged above the reticle R to 
detect an alignment mark on the reticle R. 

Next, the reticle R is held on a reticle stage RST by 
vacuum suction* The reticle stage RST is loaded on two 
guides 4A and 4b arranged in parallel to each other in the 

Y direction through air bearings in such a manner to be 
movable in the Y direction* Further, in this example, a 
measurement stage 5 is placed on the guides 4A and 4b 
through air bearings in such a manner to be movable in the 

Y direction independently of the reticle stage RST* 

FIG* 2 is a plan view showing the reticle stage RST 
and the measurement stage 5* In FIG. 2, the reticle stage 
RST and the measurement stage 5 are placed to be driven 
respectively in the Y direction by linear motors, not shown, 
or the like along the guides 4A and 4b extending in the Y 
direction (scanning direction). The length of the guides 
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4A, 4B is set longer , by at least the width of the 
measurement stage 5, than the moving stroke of the reticle 
stage RST during scanning exposure. Further, the reticle 
stage RST is made up by combining a coarse movement stage 
moving in the Y direction and a fine movement stage capable 
of fine adjustment of two-dimensional positions on this 
coarse movement stage. 

Then, a reference plate 6 made of a glass plate 
elongated in the X direction is fixed on the measurement 
stage 5, and a plurality of fiducial marks IM for measuring 
the image forming characteristics of the projection optical 
system PL are formed in a predetermined layout on the 
reference plate 6* The reference plate 6 has dimensions 
enough to cover the slit-shaped illumination region 9 of 
the exposure light to the reticle R, or more accurately, to 
cover the field of vision of the projection optical system 
PI* on the reticle R side. Use of the reference plate 6 
eliminates the need to provide a dedicated reticle designed 
specifically for measuring image forming characteristics 
and saves the time required to replace the dedicated 
reticle with the reticle R for actual exposure, so that the 
image forming characteristics can be measured frequently, 
thereby enabling accurate tracking of changes in the 
projection optical system PL with time. 

Thus, in this example, the measurement stage 5 for 
the reference plate 6 is provided independently, and no 
measurement member besides the reticle R is mounted on the 



WO1999/023692 

- 22 - 

reticle stage RST for actual scanning exposure. In other 
words , the reticle stage RST has only to have scanning and 
positioning functions , which are minimum requirements for 
scanning exposure, so that a more compact, lightweight 
reticle stage RST is realized. This makes it possible to 
scan the reticle stage RST at a higher speed, improving 
throughput in the exposure process . Particularly in case 
of reduction projection, since the scanning speed of the 
) reticle stage RST is 1 /p» times {e.g., four or five times) 

the scanning speed of the wafer stage, it can be said that 
the upper limit of the scanning speed is more or less 
determined by the reticle stage. In this case, this 
example can greatly improve throughput. 

Further, a laser beam is irradiated from a laser 
interferometer 7Y placed in the ~fY direction with respect 
to the guides 4A and 4B to a moving mirror on the side face 
of the reticle stage RST in the +Y direction, and laser 
beams are irradiated from two laser interferometers 7X1 and 

j 

j 

7X2 placed in the +X direction to a moving mirror on a side 
face of the reticle stage RST in the -KX direction. The X 
coordinate, Y coordinate, and angle of rotation of the 
reticle stage RST are measured by the laser interferometers 
7Y, 7X1, and 7X2, and the measured values are supplied to 
the main control system 10 of FIG. 1. The main control 
system 10 controls the speed and position of the reticle 
stage RST through the linear motors or the like based on 
the measured values. A laser beam is also irradiated from 
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a laser interf erometer 8Y placed in the -Y direction with 
respect to the guides 4A and 4B to a moving mirror on the 
side face of the measurement stage 5 in the — Y direction , 
and the Y coordinate of the measurement stage 5 measured by 
the laser interferometer 8Y is supplied to the main control 
system 10. The optical axes of the Y-axis laser 
interferometers 7Y and 8Y pass through the center of the 
illumination region 9 along the Y direction , that is, they 
pass through the optical axis AX of the projection optical 
system PL. The laser interferometers 7Y and 8Y measure the 
positions of the reticle stage KST and the measurement 
stage 5 in the scanning direction at all times . 

Upon measurement of image forming characteristics, 
the reticle stage RST is moved away from the illumination 
region 9 in the +Y direction, and the measurement stage 5 
is moved in the Y direction to allow the reference plate 6 
to cover the illumination region 9. Then, the laser beams 
from the laser interferometers 7X1 and 7X2 go off the side 
faces of the reticle stage RST and are irradiated to the 
moving mirrors on the side faces of the measurement stage 5 
in the +x direction- Based on the measured values obtained 
at this time from the laser interferometers 8Y and 7X1, 7X2, 
the main control system 10 accurately controls the position 
of the measurement stage 5 through the linear motors or the 
like. At this point, if it is desired to align the 
reference plate 6 to the illumination region 9 more 
accurately, an alignment mark can be formed beforehand on 



WO1999/023692 



- 24 - 



the reference plate 6 to detect the position of this mark 
using a reticle alignment microscope. 

On the other hand, during measurement/ the position 
of the reticle stage RST in the non-scanning direction is 
not measured, but once the reticle stage RST comes to the 
bottom of the illumination region 9 for exposure, the 
movable mirror of the reticle stage RST is illuminated once 
again by the laser beams from the laser interferometers 7X1 
and 7X2. Then, since the final alignment is performed 
using the reticle alignment microscope, there is no 
interruption of the laser beams from the laser 
interferometers 7X1 and 7X2 * 

Returning to FIG, 1, the wafer W is held on the wafer 
stage WST through a wafer holder, not shown, and the wafer 
stage WST is placed on a surface plate 13 through air 
bearings in such a manner to be movable in the X and Y 
directions, A focus /leveling mechanism for controlling the 
position {focus position) in the Z direction and the angle 

i 

of inclination of the wafer w is also incorporated in the 
wafer stage WST- Further, a measurement stage 14 provided 
with various measurement devices is placed on the surface 
plate 13 through air bearings in such a manner to be 
movable in the X and Y directions independently of the 
wafer stage WST, A mechanism for controlling the focus 
position on the upper surface of the measurement stage 14 
is also incorporated in the measurement stage 14. 

FIG- 3 is a plan view showing the wafer stage WST and 
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the measurement stage 14. In FIG* 3, arrays of coils are 
embedded, for example, in a predetermined layout inside the 
surface plate 13 on its top side, while yokes and arrays of 
magnets are embedded at the bottom of the wafer stage WST 
and the measurement stage 14, respectively. Each array of 
coils and a corresponding array of magnets constitute a 
planar motor, respectively. Using the planar motors, the 
positions in the Y and Y directions and rotation angles of 
the wafer stage WST and the measurement stage 14 are 
controlled independently of each other. More details of a 
planar motor are disclosed, for example, in Japanese Patent 
Application Laid-Open No. 8-51756. 

The wafer stage WST in this example has only minimum 
functions required for exposure. In other words, the wafer 
stage WST has the focus /leveling mechanism, and two members 
fixed on wafer stage WST. The two members are the wafer 
holder (on the bottom side of the wafer W) for holding the 
wafer W by suction and a reference mark plate 17 for 
measuring the position of the wafer stage WST. Reference 
marks (not shown) upon which the positions in the X and Y 
directions are based are formed on the reference mark plate 
17 * The positions of the reference marks are detected by 
the alignment sensor 16 to detect a positional relationship 
of the wafer stage WST (wafer W) to a projected image of 
the reticle R, for example. 

Further, the surface of the measurement stage 14 is 
set substantially flush with the surface of the wafer W on 



WO1999/023692 



— 26 — 



the wafer stage WST. Then, a dose sensor 18 as a 
photoelectric sensor for measuring total energy (incident 
energy) of exposure light passing through the projection 
optical system PL per unit time, an illuminance unevenness 
sensor 19 for measuring an illumination distribution within 
the slit-shaped exposure region 12 of the projection 
optical system PI*, and a measurement plate 20 in which 
silts 2 IX and 21Y are formed to measure image forming 
characteristics are fixed on the measurement stage 14. A 
condenser lens and a photoelectric sensor are arranged on 
the bottom side of each of the X-axis slit 2 IX and the Y 
axis slit 21Y of the measurement plate 20, respectively. 
The measurement plate 2 0 and the photoelectric sensors, etc. 
constitute an aerial image detection system. A rectangular 
opening edge can be used instead of each of the slits 2 IX 
and 21Y. Then, the light-receiving surface of the dose 
sensor 18 is formed to have a size enough to cover the 
exposure region 12, and the light-receiving portion of the 
illuminance unevenness sensor 19 is formed into a pinhole. 
Detection signals from the dose sensor 18 and the 
illuminance unevenness sensor 19 are supplied to the main 
control system 10 of FIG. 1. 

Further, detection signals from the photoelectric 
sensors on the bottom side of the measurement plate 20 are 
supplied to an image-forming characteristic computation 
system 11. In this case, upon measuring the image forming 
characteristics of the projection optical system PL, the 
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reference plate 6 on "the measurement stage 5 on the reticle 
side in FIG. 2 is moved to the illumination region 9, and 
images of the fiducial marks IM formed on the reference 
plate 6 are projected to the wafer stage side. The images 
are scanned in the X and Y directions through the slits 2 IX 
and 21Y on the measurement plate 20, respectively , and the 
detection signals from the photoelectric sensors provided 
on the bottom side of the measurement plate 20 are input 
into the image-forming characteristic computation system 11. 
The image- forming characteristic computation system 11 
processes the detection signals to detect the positions, 
contrast, etc. of the images of the fiducial marks IM in 
order to determine the field curvature, distortion, best 
focus position, etc, of the projected image or the like 
based on the detection results, and outputs the 
determination results to the main control system 10 . 
Further, though not shown, a mechanism for driving a 
specific lens inside the projection optical system PL to 
correct the image forming characteristics such as 
distortion is also provided so that the main control system 
10 can correct the image forming characteristics of the 
projection optical system PL through this correction 
mechanism. 

In FIG. 3, heat sources such as amps, power sources, 
and communication signal cables are connected to the dose 
sensor 18, the illuminance unevenness sensor 19, the 
photoelectric sensors on the bottom side of the measurement 
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plate 20, etc. provided on and in the measurement stage 14 , 
respectively* Therefore, if such sensors are mounted on 
the wafer stage WST for exposure r there will be a danger of 
deteriorating the positioning accuracy and the like due to 
the heat sources or tension of the signal cables attached 
to the sensors . There is also a danger of deteriorating 
the positioning accuracy and the like due to thermal energy 
caused by irradiation of exposure light during measuring 
the image forming characteristics and the like. In 
contrast, in this example, since these sensors are provided 
on or in the measurement stage 14 separated from the wafer 
stage WST for exposure, there are advantages that the size 
and weight of the wafer stage WST can be reduced and that 
the deterioration of positioning accuracy due to thermal 
energy from the measurement sensors or of exposure light 
during measurement can be prevented. The reduced size of 
the wafer stage WST can improve the moving speed and 
controllability of the wafer stage WST, thereby increasing 
throughput in the exposure process and further improving 
positioning accuracy and the like. 

Further, a laser beam is irradiated from a laser 
interferometer 15Y arranged in the +y direction with 
respect to the surface plate 13 to a moving mirror on the 
side face of the wafer stage WST in the +Y direction, and 
laser beams are irradiated from two laser interferometers 
15X1 and 15X2 arranged in the -X direction to a moving 
mirror on the side face of the wafer stage WST in the -X 
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direction* The X coordinate , Y coordinate, and angle of 
rotation of the wafer stage WST are measured by the laser 
interferometers 15 Y, 15X1, and 15X2 , and the measured 
values are supplied to the main control system 10 of FIG- 1. 
The main control system 10 controls the speed and position 
of the wafer stage WST through the linear motors based on 
the measured values- Further, during measurement of the 
incident energy of the exposure light or the like, a laser 
beam for the position measurement is irradiated to a moving 
mirror of the measurement stage 14 . 

FIG. 4 shows an example of the arrangement of the 
wafer stage WST and the measurement stage 14 during 
measurement of the incident energy of the exposure light or 
the like. As shown in FIG* 4, when the wafer stage WST is 
moved away from the exposure region 12 and the measurement 
stage 14 is moved to a position where the exposure region 
12 falls on the measurement stage 14, the laser beams from 
the laser interferometers 15Y, 15X1, and 15X2 go off the 
side faces of the wafer stage WST and are irradiated to the 
moving mirrors on the side faces of the measurement stage 
14 * Based on the measured values obtained at this time 
from the laser interferometers 15 Y, 15X1, and 15X2, the 
main control system 10 accurately controls the position of 
the measurement stage 14 through the planar motors * Since 
the positions of the wafer stage WST and the measurement 
stage 14 can be roughly controlled by driving the planar 
motors under open loop, the main control system 10 uses the 
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planar motors to drive the wafer stage WST and the 
measurement stage 14 by an open loop method while no laser 
beam is being irradiated. Alternatively, in addition to 
the laser interferometers 15Y, 15X1, and 15X2, linear 
encoders or the like can be provided for detecting the 
positions of the wafer stage WST and the measurement stage 
14 with a predetermined degree of accuracy so that position 
measurement will be performed using these linear encoders 
or the like while no laser beam is being irradiated. 

Returning to FIG, 1, although not shown, an oblique 
incidence type focal position detection system (AF sensor) 
is arranged on a lateral side of the projection optical 
system PL, The focal position detection system projects a 
slit image obliquely to a plurality of measuring points on 
the surface of the wafer W to detect the focus positions of 
the corresponding measuring points from lateral shifts of 
slit images re-formed from the reflected light. Then, 
based on the detection results from the focal position 
detection system, the surface of the wafer W during 
scanning exposure is focused on the image plane of the 
projection optical system PL, Note that, though not shown 
in FIG, 3, a reference member having a reference plane for 
the focal position detection system is also provided on the 
measurement stage 14, 

The following describes the operation of the 
projection exposure apparatus in this example. First, 
using the measurement stage 14 on the wafer stage side, the 
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amount of exposure light IL incident into the projection 
optical system PL is measured. In this case, in order to 
measure the amount of incident light under such a condition 
that the reticle R is loaded , the reticle R for exposure is 
loaded on the reticle stage RST and moved onto the 
illumination region of the exposure light IL as shown in 
FIG. 1- After that, as shown in FIG* 4, the wafer stage 
WST is moved away, for example, in the +Y direction on the 
surface plate 13, and the measurement stage 14 is moved 
toward the exposure region 12 of the projection optical 
system PL. After that, the measurement stage 14 stops at a 
position where the light-receiving surface of the dose 
sensor 18 covers the exposure region 12 , and under this 
condition, the amount of exposure light IL is measured via 
the dose sensor 18. 

The main control system 10 supplies the measured 
amount of light to the image-forming characteristic 
computation system 11. At this time, another measured 
value such as that obtained, for example, by detecting a 
light flux diverged from the exposure light IL inside the 
illumination system 1 is also supplied to the image-forming 
characteristic computation system 11. Based on the two 
measured values, the image-forming characteristic 
computation system 11 calculates and stores a coefficient 
for computing the amount of light incident into the 
projection optical system PL indirectly from the amount of 
light monitored inside the illumination system 1. During 
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this period, the wafer W is loaded onto the wafer stage WST. 
After that, as shown in FIG. 3, the measurement stage 14 is 
moved to a position away from the exposure region 12 and 
the wafer stage WST is so moved that the center of the 
wafer W on the wafer stage WST will be positioned near the 
optical axis AX (the center of the exposure region 12) of 
the projection optical system PL- While the wafer stage 
WST is being moved away, since no laser beam is irradiated 
from the laser interferometers 15Y, 15X1 , and 15X2 as shown 
in FIG. 4, position control is performed by driving the 
planar motors, for example, by an open loop method. 

After that, when the measurement stage 14 is moved 
away from the exposure region 12 and the laser 
interferometers 15Y, 15X1, and 15X2 start irradiation of 
laser beams to the wafer stage WST , the position of the 
wafer stage WST is controlled based on the measured values 
from these laser interferometers. After that, the reticle 
stage RST is so driven that the amount of positional 
deviation between a predetermined alignment mark on the 
reticle R and a predetermined reference mark on the 
reference mark member 17 of FIG, 3 will be adjusted to a 
target value using a reticle alignment microscope, not 
shown, thus performing alignment of the reticle R. Almost 
at the same time, the position of another reference mark on 
the reference mark member 17 is detected by the alignment 
sensor 16 of FIG* 1, thereby detecting a positional 
relationship (baseline amount) of the wafer stage WST to 
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the projected image of the reticle R accurately. 

Next, the position of a wafer mark attached to a 
predetermined shot area (sample shot) on the wafer W is 
detected via the alignment sensor 16, thereby determining 
the array coordinates of each shot area on the wafer W. 
After that, based on the array coordinates and a known 
baseline amount of the alignment sensor 16, scanning 
exposure is performed while aligning a shot area on the 
wafer W to be exposed with a pattern image on the reticle R 

During scanning exposure, as shown in FIG. 1, the 
wafer W is scanned at a speed of p*VR (where £ is the 
projection magnification) in the -X direction (or -i-X 
direction) through the wafer stage WST with respect to the 
exposure region 12 in synchronization with scanning of the 
reticle R at a speed of VR in the +Y direction {or -Y 
direction) through the reticle stage RST with respect to 
the illumination region 9 {see FIG. 2) of the exposure 
light II* , The scanning directions are reverse because the 
projection optical system PL project a reverse image* Then 
after completion of exposure to one shot area, the next 
shot area is moved to the scanning start position by 
stepping the wafer stage WST, thus performing exposure to 
each shot area sequentially by a step-and-scan method. 
During this scanning exposure, as shown in FIGS. 2 and 3, 
the measurement stage 14 on the wafer stage side and the 
measurement stage 5 on the reticle stage side are located 
at positions withdrawn from the exposure regions, 
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respectively. 

Further, during exposure, the amount of light such as 
a light flux diverged from the exposure light IL inside the 
illumination system 1 is measured at all times and supplied 
to the image-forming characteristic computation system 11. 
The image-forming characteristic computation system 11 
calculates the amount of exposure light IL incident into 
the projection optical system Pit based on the supplied, 
measured values of the light amounts and a predetermined 
coefficient, computes the amount of variation in the image 
forming characteristics (projection magnification, 
distortion, etc.) of the projection optical system PL due 
to absorption of the exposure light IL, and supplies the 
computation results to the main control system 10. The 
main control system 10 corrects the image forming 
characteristics by driving a predetermined lens inside the 
projection optical system PL, for example. 

The above description is of normal exposure, but when 
the state of the apparatus is to be measured for 
maintenance of the projection exposure apparatus in this 
example, the measurement stage 14 is moved to the exposure 
region 12 side to perform measurement. For example, when 
the uniformity of illumination intensity in the exposure 
region 12 is to be measured, the reticle R is unloaded from 
the reticle stage RST, and as shown in FIG. 4, an 
illumination distribution is measured while finely moving 
the illuminance unevenness sensor 19 in the X and Y 
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directions within the exposure region 12. At this time, if 
the position of the measurement stage 14 needs to be 
determined more accurately/ a reference mark member 
corresponding to the reference mark member 17 can be 
provided on the measurement stage 14 like on the wafer 
stage WST to measure the position of the reference marks 
inside the reference mark member using the alignment sensor 
16. 

The following describes the operation of measuring 
image-f orming characteristics of the projection optical 
system PLi using the measurement stage 5 on the reticle 
stage side and the measurement stage 14 on the wafer stage 
side. In this case, in FIG. 2, the reticle stage RST is 
moved away in the +Y direction, and the illumination region 
9 is moved into the range of the reference plate 6 on the 
measurement stage 5. At this time, since the laser beams 
in the non-scanning direction are irradiated from the laser 
interferometers 7X1 and 7X2 to the measurement stage 5, the 
measurement stage 5 can be positioned accurately based on 
the measured values from the laser interferometers 8Y, 7X1, 
and 7X2. 

Here, as already described above, the images of the 
plurality of fiducial marks IM are projected to the wafer 
stage side through the projection optical system PL* Under 
this condition, as shown in FIG. 4, the measurement stage 
14 is driven and the images of these index marks IM are 
scanned in the X and Y directions with the slits on the 
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measurement plate 20 . Then, the detection signals from the 
photoelectric sensors on the bottom side of the measurement 
plate 20 are processed by the image-forming characteristic 
computation system 11, thereby determining the positions 
and contrast of these images . The positions and contrast 
of these images are determined while changing the focus 
position of the measurement plate 20 by a predetermined 
amount at a time. From these measurement results , the 
image- forming characteristic computation system 11 
determines the amount of variation in the image forming 
characteristics of the projection optical system PL, such 
as the best focal position of the projected image, image 
plane curvature, and distortion (including a magnification 
error). The amount of variation is supplied to the main 
control system 10, and if the amount of variation exceeds a 
tolerance level, the main control system 10 corrects the 
image forming characteristics of the projection optical 
system PL. 

In the aforementioned embodiment, as shown in FIG. 3, 
the wafer stage WST and the measurement stage 14 are driven 
on the surface plate 13 by the planar motors. However, the 
wafer stage WST and the measurement stage 14 can also be 
driven two-dimensionally using a combination of one- 
dimensional motors. 

The following describes a second embodiment with 
reference to FIGS. 5 and 6, where each of the wafer stage 
and the measurement stage is driven by a mechanism using 
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one-dimensional motors in combination. This example also 
applies the present invention to a step -and- scan type 
projection exposure apparatus, and portions in FIGS * 5 and 
6 corresponding to those in FIGS . 1 to 3 are given the same 
reference numerals and symbols to omit the detailed 
description thereof . 

FIG. 5 is a plan view showing the wafer stage side of 
the projection exposure apparatus in this example. FIG. 6 
is a front view thereof. In FIGS. 5 and 6, two X-axis 
linear guides 34A and 34B are provided on the upper face of 
a surface plate 33 in parallel to each other along the X 
direction, and a Y-axis linear guide 32 elongated in the Y 
direction (scanning direction) is provided to couple the X- 
axis linear guides 34A and 34B. The Y-axis linear guide 32 
is driven by a linear motor, not shown, in the X direction 
along the X-axis linear guides 34A and 34B. 

Further, a wafer stage 31 and a measurement stage 35 
are arranged independently of each other and movably in the 
Y direction along the Y-axis linear guide 32, respectively - 
The wafer W is held by suction on the wafer stage 31 
through a wafer holder, not shown. The dose sensor 18, the 
illuminance unevenness sensor 19, and the measurement plate 
20 are fixed on the measurement stage 35, and photoelectric 
sensors are incorporated in the measurement plate 20 on its 
bottom side. In this case, the bottom surfaces of the 
wafer stage 31 and the measurement stage 35 are placed on 
the surface plate 33 through air bearings, respectively. 
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The wafer stage 31 and the measurement stage 35 are driven 
through linear motors f not shown , respectively and 
independently of each other in the Y direction along the Y- 
axis linear guide 32* In other words f the wafer stage 31 
and the measurement stage 35 are driven two-dimensionally 
and independently of each other along the Y-axis linear 
guide 32 , and the X-axis linear guides 34A and 34B, Then, 
in this example, the two-dimensional positions of the wafer 
stage 31 and the measurement stage 35 are also measured by 
four laser interferometers like the laser interferometers 
7Y, 7X1, 7X2, and 8Y on the reticle stage side in FIG, 2. 
Then, based on the measurement results, the positions or 
driving speeds of the wafer stage 31 and the measurement 
stage 35 are controlled. The other structural portions are 
the same as those in the first embodiment. 

In this example, upon measuring the irradiation 
energy of exposure light or the image forming 
characteristics of the projection optical system, the wafer 
stage 31 is moved away from an exposure region of the 
exposure light to a position separated in the -Y direction, 
and the measurement stage 35 is moved into the range of the 
exposure region- On the other hand, upon exposure, the 
measurement stage 35 is moved away from the exposure region 
of the exposure light to a position separated in the +y 
direction- After that, the wafer stage 31 is stepped in 
the X and Y directions to move a target shot area on the 
wafer W to the scanning start position corresponding to the 
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exposure region , and the wafer stage 31 is moved at a 
constant speed in the Y direction along the Y-axis linear 
guide 32, thereby performing scanning exposure to the shot 
area. 

As mentioned above, according to this example, the 
measurement stage 35 is arranged along the Y-axis linear 
guide 32 independently of the wafer stage 31. In this 
structure, upon driving in the scanning direction (Y 
direction), which requires higher control accuracy of the 
stages, since the measurement stage 35 does not need 
driving and the size and weight of the wafer stage 31 is 
reduced, the scanning speed can be improved, thereby 
improving the synchronization accuracy and the like during 
scanning exposure* On the other hand, upon driving in non- 
scanning direction {X direction), since the measurement 
stage 35 is also driven at the same time, the load on the 
drive mechanism increases- However, since control accuracy 
required upon driving in the non-scanning direction is not 
so high compared to that in the scanning direction, the 
influence of such an increased load is small. Further, the 
measurement stage 35 as a heat source is separated from the 
wafer stage 31, thereby preventing lowering of the 
positioning accuracy and the like of the wafer stage 31. 

Note that, in this example, a second Y-axis linear 
guide 36 as indicated by a chain double-dashed line in FIGS, 
5 and 6 can be arranged in parallel with the Y-axis linear 
guide 32 to be movable in the X direction so that the 
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measurement stage 35 will be arranged on this Y-axis linear 
guide 32 to be movable in the Y direction. This can also 
improve control accuracy upon driving the wafer stage 31 in 
the X direction- 

Although in the first embodiment, the reticle stage 
RST and measurement stage 5 are arranged along the same 
guides 4A and 4B f but the reticle stage RST and the 
measurement stage 5 can be arranged to be movable two- 
dimensionally like those on the wafer stage side in FIG, 3* 

Further , in the aforementioned embodiments/ the 
single wafer stage WST or 31 on which the wafer W is placed 
is provided respectively, two or more wafer stages can be 
provided to load wafers W, respectively. In this case, a 
method can be used by which exposure is performed on one 
wafer stage and measurement for alignment or wafer 
replacement is done on the other wafer stage. Similarly, 
two or more reticle stages can be provided on the reticle 
stage side to load reticles R r respectively, so that images 
of these reticles will be exposed and transferred 
sequentially to the same shot area on the wafer while 
changing the exposure conditions (focus position, exposure 
amount, illumination condition r etc.). 

The following describes a third embodiment of the 
present invention with reference to FIGS. 7 and 8. This 
example includes a cooling device for cooling down the 
measuring devices provided on the wafer stage. Portions in 
FIGS. 7 and 8 corresponding to those in FIGS. 1 to 3 are 
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given the same reference numerals and symbols to omit the 
detailed description thereof . 

FIG. 7 shows a projection exposure apparatus in this 
example. In FIG. 7 , the wafer W is arranged on the 
exposure region 12 side to be exposed through the 
projection optical system PL* The wafer W is held on a 
wafer stage 41 through a wafer holder, not shown, and the 
wafer stage 41 is placed on the surface plate 13 and driven, 
for example, by planar motors in the X and Y directions* 
Although not shown, a mechanism for controlling the focus 
position and angle of inclination of the wafer W is also 
incorporated in the wafer stage 41. Further, a measurement 
mechanism for measuring exposure light IL or image forming 
characteristics is incorporated in the wafer stage 41 in 
such a manner to surround the wafer W* 

FIG* 8 is a plan view of the wafer stage 41 of FIG. 7. 
In FIG. 8, the reference mark member 17, the dose sensor 18, 
the illuminance unevenness sensor 19, and the measurement 
plate 20 in which slits 2 IX and 21Y are formed are arranged 
near the wafer W (wafer holder)* Further, a depressed 
portion 47 for placing a portable reference illuminance 
meter is formed near the dose sensor 18 on the wafer stage 
41* The incident energy of the exposure light IL is 
measured with the reference illuminance meter placed in the 
depressed portion 47 to match the illumination intensities 
among different projection exposure apparatuses. Further, 
a reference member 46 on which a reference plane is formed 
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as a reference for the flatness or the like is also fixed 
in one corner on the wafer stage 41. In this example, a 
cooling device for cooling down the heat sources of these 
measurement mechanisms is provided . 

Specif ically, as shown in a partially cutaway portion 
of FIG. 7, a condenser lens 42 and a photoelectric sensor 
43 are arranged at the bottom of the slit 21Y of the 
measurement plate 20 , and though not shown, an amp and the 
like are also connected to the photoelectric sensor 43. 
Therefore, a cooling pipe 44 is provided inside the wafer 
stage 41 to pass by the vicinity of the photoelectric 
sensor 43. A refrigerant as a liquid whose temperature is 
lower than the cooling device located outside is supplied 
into the cooling pipe 44 through a highly flexible duct 45A, 
and the refrigerant passing through the duct 45A is 
returned to the cooling device through a highly flexible 
duct 45B. The cooling pipe 44 is arranged also to pass by 
the vicinity of the dose sensor 18 and the illuminance 
unevenness sensor 19 in FIG. 8, and the bottom of the 
depressed portion 47 for the reference illuminance meter, 
the reference mark member 17, and the reference member 46. 
In this example, since thermal energy from the heat sources 
such as amps of these measuring devices is discharged 
through the refrigerant in the cooling pipe 44, the 
positioning accuracy or the like of the wafer W is not 
degraded due to the thermal energy. Further, upon 
measuring the incident energy of the exposure light IL or 



WO1999/023692 



- 43 - 



the like, even if the exposure light IL is irradiated to 
the dose sensor 18 or the illuminance unevenness sensor 19, 
the irradiation energy is discharged through the 
refrigerant in the cooling pipe 44, so that the positioning 
accuracy or the like of the wafer W is not degraded due to 
the irradiation energy. 

In this exanple, the liquid refrigerant is used to 
cool down the measuring devices, but air or the like, for 
example, for use in an air-conditioning system can be 
intensively sent to the vicinity of these measuring devices 
to cool down the devices. 

The piping layout of the cooling pipe 44 and the 
layout of each of the measurement members (reference mark 
member 17, dose sensor 18, illuminance unevenness sensor 19, 
measurement plate 20, etc.) can take a variety of layouts 
within a range in which the cooling pipe 44 can 
sufficiently cool down each of the measurement members. 

Further, two or more cooling pipes 44 can be provided 
(or the cooling pipe 44 can be branched) to cool down each 
of the measurement members in parallel. 

The following describes a fourth embodiment of the 
present invention with reference to FIG. 9. This example 
includes a heat-insulating member between the layout area 
of the wafer on the wafer stage (first stage) and the 
layout area of the measuring devices (second stage). 
Portions in FIG. 9 corresponding to those in FIG. 8 are 
given the same reference numerals and symbols to omit the 
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detailed description thereof* 

FIG. 9 shows a wafer stage 41A driven on the surface 
plate in the X and Y directions like the wafer stage 41 in 
FIG- 8, In FIG* 9, the top of the wafer stage 41A is 
divided into a measuring device placing area 4lAa and a 
remaining area by a thermal insulating board 48 made of a 
material having lower thermal conductivity than the wafer 
stage 41A. If the wafer stage 41A is made of a metal such 
as iron or ceramic, resin , glass , or a vacuum insulation 
package can be used for the thermal insulating board 48. 
Further, a temperature-controlled liquid can be flown 
instead of the thermal insulating board 48. The wafer W is 
placed on the latter area through a wafer holder (not 
shown), and reference mark member 17 as a positional 
reference is provided on the same area- On the other hand, 
a reference mark member 17A on which marks as positional 
references are formed, the dose sensor 18, the illuminance 
unevenness sensor 19, reference member 46 having a 
reference plane, and the measurement plate 20 in which 
slits are formed are arranged within the former measuring 
device placing area 41Aa. Further, on the measuring device 
placing area 4lAa, the depressed portion 47 for placing the 
reference illuminance meter is formed. 

In this example, although the measuring devices 
within the measuring device placing area 41Aa area are used 
upon measuring exposure light or image forming 
characteristics, since thermal energy generated from amps 
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and the like of these measuring devices is less likely to 
diffuse into the wafer W side due to the effect of the 
thermal insulating board 48, the positioning accuracy or 
the like of the wafer W is not degraded- Similarly , there 
is also an advantage that irradiation energy produced by 
the exposure light during measurement is less likely to 
diffuse into the wafer W side due to the effect of the 
thermal insulating board 48, 

Even in the structure where the wafer stage WST and 
measurement stage 14 are separated, for example, as shown 
in FIG. 3, conditioned air between the wafer stage WST and 
the measurement stage 14 can be thought of as a heat- 
insulating member. Further, as for the reticle stage side, 
a heat-insulating member can also be arranged between an 
area for loading the reticle and an area for placing the 

measuring devices. 

In the aforementioned embodiments, the present 
invention is applied to a step-and~scan type projection 
exposure apparatus, but the present invention is also 
applicable to a batch exposure type projection exposure 
apparatus (stepper), or a proximity type exposure apparatus 
that does not use a projection optical system. Further, 
the present invention can be used not only for the exposure 
apparatus, but also for an inspection apparatus using a 
stage for positioning a wafer or the like, a repair 
apparatus , etc . 

Thus, the present invention is not limited to the 
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aforementioned embodiment. s and various structures are 
possible without: departing from the scope of the present 
invention, 

INDUSTRIAL APPLICABILITY 

According to a first or second exposure apparatus of 
the present invention , since a second stage having a 
measuring device is provided independently of a first stage 
for moving a mask or substrate, there is an advantage that 
the size and weight of the stage for positioning the mask 
or substrate can be reduced while keeping a function for 
measuring the state of exposure beam (exposure light) or 
the image forming characteristics of a projection optical 
system, respectively. Therefore, the control performance 
of these stages can be improved, and throughput in the 
exposure process can also be improved. Further, since a 
heat source, such as a photoelectric sensor or amp, which 
forms part of the measuring device is separated from the 
stage for exposure, alignment accuracy and the like can be 
improved. Particularly, when the present invention is 
applied to a scanning exposure apparatus such as a step™ 
and-scan type, the improvement in scanning speed 
significantly improves throughput, and the effect of the 
present invention is especially noticeable - 

In these cases, if the second stage is arranged to be 
movable independently of the first stage, the first stage 
can be moved quickly to a measuring area- 
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Further, if a control device for moving the first 
stage between a position (exposure region) to which an 
exposure beam is irradiated and a position (non-exposure 
region) to which the exposure beam is not irradiated, the 
first stage can be quickly withdrawn upon measurement. 

Further , if a control device for moving the second 
stage between the position (exposure region) to which the 
exposure beam is irradiated and the position (non-exposure 
region) to which the exposure beam is not irradiated , the 
second stage can be quickly withdrawn upon exposure. 

Further, if a control device for locating the second 
stage at the position to which the exposure beam is not 
irradiated when the first stage is at the position to which 
an exposure beam is irradiated, the two stages can be used 
alternatively and efficiently. 

According to a first or second exposure method of the 
present invention, since a second stage having a measuring 
device is provided independently of a first stage for 
moving a mask or substrate, there is an advantage that the 
size and weight of the stage for positioning the mask or 
substrate can be reduced while keeping a function for 
measuring the state of exposure beam (exposure light) or 
the image forming characteristics of a projection optical 
system, respectively- Therefore, the control performance 
of these stages can be improved, and throughput in the 
exposure process can also be improved. Further, since a 
heat source, such as a photoelectric sensor or amp, which 
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forms part of the measuring device is separated from the 
stage for exposure, alignment accuracy and the like can be 
improved* Particularly , when the present invention is 
applied to a scanning exposure apparatus such as a step- 
and-scan type, the improvement in scanning speed 
significantly improves throughput, and the effect of the 
present invention is especially noticeable. 

In these cases, if the second stage is arranged to be 
movable independently of the first stage, the first stage 
can be moved quickly to a measuring area. 

Further, if the first stage is moved between a 
position (exposure region) to which an exposure beam is 
irradiated and a position (non-exposure region) to which 
the exposure beam is not irradiated, the first stage can be 
quickly withdrawn upon measurement. 

Further, if the second stage is moved between the 
position (exposure region) to which an exposure beam is 
irradiated and the position (non-exposure region) to which 
the exposure beam is not irradiated, the second stage can 
be quickly withdrawn upon exposure. 

Further, if the second stage is located at the 
position to which the exposure beam is not irradiated when 
the first stage is at the position to which the exposure 
beam is irradiated, the two stages can be used 
alternatively and efficiently. 

According to a third or fourth exposure apparatus or 
a third or fourth exposure method of the present invention, 
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since a cooling device for cooling down a measuring device 
is provided, the adverse effects of a temperature rise 
during measurement of the state of an exposure beam or the 
image forming characteristics of a projection optical 
system can be mitigated, resulting in an advantage of 
improving positioning accuracy and alignment accuracy* 

According to a fifth or sixth exposure apparatus or a 
fifth or sixth exposure method of the present invention, 
since a heat-insulating member is provided between two 
stages, the adverse effects of a temperature rise during 
measurement of the state of an exposure beam or the image 
forming characteristics of a projection optical system can 
be mitigated, resulting in an advantage of improving 
positioning accuracy and alignment accuracy. 

Further, if the heat-insulating member is a solid 
material having low thermal conductivity, the two stages 
can be driven together, while if the heat-insulating member 
is a tenqperature-controlled gas, the effect of reducing the 
size of the first stage can also be obtained. 
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1. An exposure apparatus for transferring a pattern 
formed on a mask onto a substrate using an exposure beam, 
the exposure apparatus comprising: 

a first stage moving over a predetermined region 
while holding either of the mask and the substrate; 

a second stage independent of the first stage; and 

a measuring device attached to the second stage to 
measure the state of the exposure beam. 

2 . The exposure apparatus according to claim 1 , 

wherein 

the second stage is arranged to be movable 
independently of the first stage. 

3. The exposure apparatus according to claim l r 
further comprising 

a control device that moves the first stage between a 
position to which the exposure beam is irradiated and a 
position to which the exposure beam is not irradiated. 

4. The exposure apparatus according to claim 2 r 

further comprising 

a control device that moves the second stage between 
a position to which the exposure beam is irradiated and a 
position to which the exposure beam is not irradiated. 

5. The exposure apparatus according to claim 1, 

further comprising 

a control device that locates the second stage at a 
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position to which the exposure beam is not irradiated when 
the first stage is at a position to which the exposure beam 

is irradiated. 

6, An exposure apparatus for projecting a pattern 
formed on a mask onto a substrate through a projection 
optical system,, the exposure apparatus comprising: 

a first stage moving over a predetermined region 
while holding either of the mask and the substrate; 

a second stage independent of the first stage; and 

a measuring device arranged on the second stage to 
measure the image forming characteristics of the projection 

optical system, 

7* The exposure apparatus according to claim 6, 

wherein 

the second stage is arranged to be movable 
independently of the first stage. 

8, The exposure apparatus according to claim 6, 

wherein 

the first stage holds the substrate, and 
the exposure apparatus further comprises a control 
device that moves the first stage between a position within 
an exposure region of the projection optical system and a 
predetermined position outside of the exposure region. 

9 . The exposure apparatus according to claim 6 , 

further comprising 

a control device that moves the second stage between 
a position within an exposure region of the projection 
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optical system and a predetermined position outside of the 

exposure region. 

10 - An exposure apparatus for transferring a pattern 
formed on a mask onto a substrate using an exposure beam, 
the exposure apparatus comprising: 

a stage on which a measuring device that measures the 
state of the exposure beam is arranged; and 

a cooling device provided for the stage to cool down 

the measuring device. 

11. An exposure apparatus for projecting a pattern 
formed on a mask onto a substrate through a projection 
optical system, the exposure apparatus comprising: 

a stage on which a measuring device that measures the 
image forming characteristics of the projection optical 
system is arranged; and 

a cooling device provided for the stage to cool down 

the measuring device. 

12. An exposure apparatus for transferring a pattern 
formed on a mask onto a substrate using exposure beam, the 
exposure apparatus comprising: 

a first stage moving over a predetermined region 
while holding either of the mask and the substrate; 

a second stage on which a measuring device that 
measures the state of the exposure beam is mounted; and 

a heat-insulating member arranged between the first 
stage and the second stage to block heat transmitted from 
the second stage. 
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13- The exposure apparatus according to claim 12 , 
wherein, 

the heat- insulating member is a solid material having 
low thermal conductivity or a temperature-controlled gas, 

14- An exposure apparatus for projecting a pattern 
formed on a mask onto a substrate through a projection 
optical system, the exposure apparatus comprising: 

a first stage moving over a predetermined region 
while holding the substrate; 

a second stage on which a measuring device that 
measures the image forming characteristics of the 
projection optical system is mounted; and 

a heat-insulating member arranged between the first 
stage and the second stage to block heat transmitted from 

the second stage. 

15* The exposure apparatus according to claim 14, 

wherein 

the heat-insulating member is a solid material having 
low thermal conductivity or a temperature-controlled gas. 

16. An exposure method for transferring a pattern 
formed on a mask onto a substrate using an exposure beam, 
the exposure method comprising: 

a step of causing a first stage to move over a 
predetermined region while holding either of the mask and 

the substrate ; and 

a step of causing a measuring device attached to a 
second stage independent of the first stage to measure the 
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state of the exposure beam, 

17. The exposure method according to claim 16 , 

wherein 

the second stage used in the measuring step is 
arranged to be movable independently of the first stage 
using in the moving step. 

18. The exposure method according to claim 16, 

wherein 

the first stage moves in the moving step between a 
position to which the exposure beam is irradiated and a 
position to which the exposure beam is not irradiated. 

19 - The exposure method according to claim 17 f 

further comprising 

a step of causing the second stage to move between a 
position to which the exposure beam is irradiated and a 
position to which the exposure beam is not irradiated* 

20. The exposure method according to claim 16 f 

further comprising 

a step of locating the second stage at a position to 
which the exposure beam is not irradiated when the first 
stage is at a position to which the exposure beam is 
irradiated . 

21. An exposure method for projecting a pattern 
formed on a mask onto a substrate through a projection 
optical system- the exposure method comprising: 

a step of causing a first stage to move over a 
predetermined region while holding either of the mask and 



WO1999/023692 

- 55 - 

the substrate; and 

a step of causing a measuring device arranged on a 
second stage independent of the first stage to measure the 
image forming characteristics of the projection optical 
system. 

22 . The exposure method according to claim 21, 
wherein 

the second stage used in the measuring step is 
arranged to be movable independently of the first stage 
using in the moving step* 

23. The exposure method according to claim 21, 

wherein 

the first stage holds the substrate, and 
the first stage moves in the moving step between a 
position within an exposure region of the projection 
optical system and a predetermined position outside of the 

exposure region. 

24. The exposure method according to claim 21 , 

further comprising 

a step of moving the second stage between a position 
within an exposure region of the projection optical system 
and a predetermined position outside of the exposure region. 

25. An exposure method for transferring a pattern 
formed on a mask onto a substrate using an exposure beam, 
the exposure method comprising: 

a step of causing a measuring device arranged on a 
stage to measure the state of the exposure beam; and 
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a step of causing a cooling device provided for the 
stage to cool down the measuring device. 

26. An exposure method for projecting a pattern 
formed on a mask onto a substrate through a projection 
optical system, the exposure method comprising: 

a step of causing a measuring device arranged on a 
stage to measure the image forming characteristics of the 
projection optical system? and 

a step of causing a cooling device provided for the 
stage to cool down the measuring device. 

27. An exposure method for transferring a pattern 
formed on a mask onto a substrate using exposure beam, the 



exposure method comprising: 

a step of causing a first stage to move over a 
predetermined region while holding either of the mask and 

the substrate ; 

a step of causing a measuring device attached to the 
second stage to measure the state of the exposure beam; and 

a step of causing a heat- insulating member arranged 
between the first stage and the second stage to block heat 
transmitted from the second stage. 

28. The exposure method according to claim 27, 

wherein 

the heat-insulating member used in the heat blocking 
step is a solid material having low thermal conductivity or 
a temperature-controlled gas. 

29. An exposure method for projecting a pattern 
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formed on a mask onto a substrate through a projection 
optical system/ the exposure method comprising: 

a step of causing a first stage to move over a 
predetermined region while holding the substrate; 

a step of causing a measuring device mounted on a 
second stage to measure the image forming characteristics 
of the projection optical system; and 

a step of causing a he at- insulating member arranged 
between the first stage and the second stage to block heat 
transmitted from the second stage* 

30. The exposure method according to claim 29 , 

wherein 

the heat-insulating member used in the heat blocking 
step is a solid material having low thermal conductivity or 
a temperature-controlled gas* 
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(57) Abstract 

A wafer is put on a wafer stage which Is placed on a surface plate transferabiy in an X-direction and a Y-direction. The pattern image 
of a reticle is exposed in an exposure region or. the wafer and the reticle and the wafer are scanned in the Y-direction to perform exposure, A 
measurement stage is placed on the surface plate transferabiy in the X-direction and the Y-direction independently of the wafer stage. A 
space image detection system which includes a dose monitor, an illuminance unevenness sensor and a measurement plate in which a slit is 
formed is set up on the measurement stage. As the wafer stage may have only minimum functions necessary for exposure, the size and weight 
of the wafer stage can be reduced. With this constitution, the size of a stage for the alignment of a reticle or a wafer can be reduced while the 
function of measuring the state of an exposing light or image forming characteristics is maintained. 
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